Background: The aim of the study was to evaluate the efficacy and toxicity of neoadjuvant chemotherapy with intravenous (i.v.) cisplatin and fluorouracil (5-FU), surgery and postoperative intraperitoneal (i.p.) floxuridine (FUdR) and leucovorin (LV) in patients with locally advanced gastric cancer. Results: Thirty-eight patients were treated. Both preoperative and postoperative chemotherapy were well tolerated.
improvement demonstrated by Intergroup 116, half of this relatively favorable subgroup of R0 patients will still die within three years of surgery; clearly, improved therapeutic strategies are needed.
Neoadjuvant (preoperative) chemotherapy represents an investigational option. Its rationale is based on the difficulty of performing an R0 resection in patients with locally advanced tumors and the high risk of micrometastatic disease in these patients. The goals of neoadjuvant treatment are to downstage the primary tumor, resulting in a higher R0 resection rate, and to simultaneously treat micrometastases early. Practically, it is employed when the patient is best able to tolerate it. This approach is supported by a recently completed large randomized study, the MAGIC trial, reported to date in abstract form. Patients with gastric and lower esophageal adenocarcinomas were assigned to pre and postoperative chemotherapy or surgery alone. Following neoadjuvant chemotherapy, significant downstaging and enhanced resectability were observed. Preliminary disease-free survival data are encouraging [10] .
The peritoneal cavity is a major site for recurrent disease [11] . The use of postoperative intraperitoneal (i.p.) chemotherapy delivers chemotherapeutic agents directly into the site at high risk. Pharmacokinetic evaluation has demonstrated an advantage for i.p. over intravenous (i.v.) therapy [12] . With measurable levels in the portal vein, the liver, an equally common site of failure, also receives high doses of chemotherapy [13, 14] . Theoretically, the extremely high drug concentrations obtained with i.p. therapy may override resistance to chemotherapy. Several randomized studies have demonstrated a benefit to this approach in ovarian cancer [15] .
These factors led us to perform an initial phase II trial of neoadjuvant FAMTX chemotherapy (fluorouracil, doxorubicin and methotrexate) followed by postoperative i.p. treatment with a cisplatin and fluorouracil (5FU) combination, in 56 patients with high-risk gastric cancer [16] . The resectability rate was 74% (61% R0 resections) and the median survival was 15.3 months. However, treatment was associated with significant toxicity; 60% of the patients were hospitalized at least once for neutropenic fever [16] .
We performed the current phase II trial to investigate the use of a less toxic, yet active, regimen [17] . The i.p. regimen was chosen due to its minimal toxicity and the fact that floxuridine (FUdR) is almost entirely extracted on its first pass through the liver [18] , making it an ideal candidate for i.p. administration [14] . The primary objectives of the trial were tolerance to the neoadjuvant regimen, its effects on operative morbidity and mortality, R0 resection rate as an immediate surrogate for eventual clinical outcome, and feasibility of postoperative i.p. FUdR/LV. Secondary objectives included downstaging, disease-free and overall survival, failure pattern and quality of life assessment.
patients and methods patients
Patients had microscopically confirmed adenocarcinoma of the stomach or GEJ. They had to have locally advanced tumors, staged (by physical examination, imaging studies and laparoscopy) as T 2 , N 1-2 M 0 or T 3-4 N any M 0 , according to the 1992 American Joint Committee on Cancer criteria (AJCC) [19] . Based on data indicating that laparoscopy (LAP) was superior to endoscopic ultrasonography (EUS) in identifying high versus low risk patients and in excluding patients with unsuspected peritoneal disease (unpublished data), we did not require EUS staging as an entry criteria for this study. Later, the newer version of the AJCC, introduced in 1997 [20] , was used and the results in this report are presented according to that version. Any sites of suspected M 1 disease had to be ruled out prior to entrance into the study. While there were no age restrictions, a Karnofsky Performance Status (KPS) ‡60% and the ability to tolerate the proposed surgical and chemotherapy plans were necessary. No prior chemotherapy or radiation was allowed. Acceptable hematologic (WBC ‡4000 cells/mm 3 , platelets ‡150,000 cells/mm 3 ), renal (BUN £30 mg/dl, creatinine £1.5 mg/dl and/or creatinine clearance >50 ml/min) and hepatic function (total serum bilirubin <2 mg/dl) was required. No clinically significant auditory impairment was allowed. Patients with prior cancer diagnosed during the previous 5-year period (except for basal cell carcinoma of skin or cervical carcinoma in situ) were excluded. Other exclusion criteria included significant cardiac disease (New York Heart Association class ‡3), pregnancy or serious intercurrent infections. The protocol was reviewed and approved by the Institutional Review Board of Memorial Sloan-Kettering Cancer Center. Written informed consent was obtained from each patient.
Pre-study evaluation included a complete blood count (CBC) and differential count, a comprehensive blood profile and abdominal and pelvic computed tomography (CT). Audiogram was obtained if clinically indicated. LAP with laparoscopic ultrasound (LUS), if appropriate, was performed in all patients to exclude occult M 1 disease in the peritoneum or other intra-abdominal sites. Female patients with unclear adnexal masses required gynecological examination, ultrasound and, if necessary, biopsy to exclude ovarian metastases.
treatment plan
The LAP procedure involved the placement of a 10-mm infraumbilical port, with additional 5-12-mm ports as clinically indicated, for organ manipulation and specimen retrieval. The entire peritoneal surface, liver, stomach and omentum were visualized and suspicious lesions were biopsied. LUS was performed when possible, to evaluate posterior tumors better and to examine the entire liver in a systematic fashion. Peritoneal lavage was performed for cytologic analysis. Enlarged regional lymph nodes were not biopsied but were noted, if suspicious for malignancy. Suspected lymph nodes in the hepatoduodenal ligament, colonic mesentery, or the ligament of Treitz were biopsied or removed. Jejunostomy enteral nutrition tubes were not employed.
Patients found to have locally advanced gastric cancers as defined above, received two cycles of cisplatin/5-FU every 28 £1.5, 1 l of normal saline was instilled; for patients with BSAs >1.5, 2 l were instilled on day 1 and 1 l/day on days 2-3. FUdR and LV were mixed together in the normal saline to be infused. Dose attenuation for i.p. FUdR/ LV was made for grade ‡3 mucositis, myelosuppression or diarrhea.
evaluation during the study Physical examination and assessment of toxicity were performed prior to each cycle. Toxicity was recorded and graded according to National Cancer Institute Common Toxicity Criteria (NCI-CTC) version 1 scale. A CBC and differential count were required prior to each treatment. Comprehensive blood profiles were performed prior to each preoperative cycle. Abdominal and pelvic CT was performed after the second cycle, prior to surgery. A second LAP was repeated immediately prior to laparotomy, during the same anesthesia, for assessment of possible development of metastatic disease and of downstaging. Following completion of chemotherapy and surgery, patients were followed monthly for 3 months, then at 3 monthly intervals until year 2.
At that point, 6-month follow-up visits were performed. CT scans were performed at months 3 and 6 and every 6 months thereafter. Appropriate blood studies were performed at each evaluation. A quality of life assessment using the Functional Assessment of Gastric Cancer (FACT-G) was performed prior to and periodically after treatment.
assessment of pathologic response
Assessment of pathologic response was done independently by two pathologists (DSK, LHT), according to a method previously validated at our institution in patients with rectal and lung cancers [21, 22] . At least three microscopic sections of the tumor were examined, unless it was small enough to be submitted entirely in fewer sections. Areas of tumor treatment effect were characterized by the replacement of neoplastic glands with loosely collagenized fibrous tissue and scattered chronic inflammatory cells. Acellular mucin pools were found in cases of colloid carcinoma. Response was recorded as the histologic response percentage, i.e. the percentage of cancer cells replaced by fibrous tissue and inflammatory infiltrates. Scoring ranged from 0% (no treatment effect) to 100% (a complete response: no viable tumor identified). A score ‡60% was considered a good pathologic response.
biostatistical considerations
The primary end points of the study were tolerance to neoadjuvant and postoperative chemotherapy, operative morbidity and mortality, and R0 resection rate. Secondary end points were downstaging, failure pattern, disease-free and overall survival, and quality of life. The trial was designed to accrue a total of 50 patients over 2-2.5 years. The study tested the hypothesis that the curative resection rate (R0) with neoadjuvant cisplatinfluorouracil would be ‡60%, with a historical control at our institution of a R0 resection rate for this high-risk population of 35%-40%, with no increase in operative morbidity and mortality. Accrual to the study was lower than anticipated (38 evaluable patients accrued in 3.2 years). At that point, we determined that continuing to accrue patients would be highly unlikely to change the conclusion of this phase II trial, the purpose of which was to test whether further (definitive) study was appropriate. If 37 patients out of the original planned sample size of 50 underwent R0 resections, the resulting confidence interval would have excluded 60%. At the time we stopped accrual, 32 out of the 38 (84%) patients had undergone R0 resection. Assuming that the remaining 12 patients (if accrued) would follow the same likelihood of resection that we evaluated (using the cumulative distribution of the binomial), the probability of observing at least five R0 resections in 12 patients turned out to be 0.999. This is sufficient evidence to decide that accruing the remaining 12 patients was very unlikely to alter the conclusion. The sample analogous was used to estimate the true R0 resection rate, operative morbidity and mortality and incidence of treatment related grade 3-4+ toxicity. Overall survival (OS) and disease-free survival (DFS) were recorded from first day of neoadjuvant treatment and from surgery, respectively. Survival distributions were estimated using the Kaplan-Meier product-limit method [23] . Comparison of survival estimates between subgroups according to pathologic response was performed using the log-rank test [24] .
Quality of life was measured using FACT-G, a well validated and widely used instrument. Four subscales of FACT-G were used: physical, social and family well-being, emotional well-being and functional well-being. Each subscale's score is adjusted to a maximum score of 100. A total score is also reported by averaging the subscores. Questionnaires were conducted at the start of neoadjuvant chemotherapy, pre-surgery and at eight time points (1, 2, 3, 6, 9, 12, 15, 18 months) after postoperative treatment. Time windows were created to group the longitudinal observations into distinct categories. Compliance was calculated as the number of questionnaires returned divided by the total number of patients alive at that time point.
results

patient population
Between December 1996 and February 2000, 38 patients with locally advanced gastric cancer were enrolled into the study. As shown in Table 1 , the gender distribution was equal. The median age was 53 years and approximately 73% of patients were caucasian. Fifty-three per cent of patients had proximal tumors, 89% had T3-T4 tumors and 79% had N+ disease. Table 2 . Treatment was generally well tolerated. The major toxicities 
treatment delivery
The number of patients receiving pre-and postoperative chemotherapy and the percentage of planned dose delivered are summarized in Table 3 . While all patients received cycle 1, six of them did not receive cycle 2 of preoperative chemotherapy, due to physician's impression of poor tolerance (three patients), disease progression, patient refusal or emergency surgery for perforated gastric wall (one patient each). Seventy-two per cent of patients who underwent an R0 resection, and who were therefore candidates for postoperative i.p. FUdR/LV, received at least two cycles of such treatment. In most cases when i.p. treatment could not be initiated, this was due to postoperative complications. Eighty-four per cent of patients received both preoperative cycles and 56% of those eligible received all three postoperative cycles.
downstaging
In the absence of a randomized phase III trial, definitive conclusions regarding the superiority of preoperative chemotherapy over surgery alone cannot be made. Downstaging of overall and T stage, among other surrogate end points, was used to evaluate potential therapeutic efficacy in this phase II trial. Pretreatment TNM stage was determined by CT and LAP, with LUS in selected patients. While a post-neoadjuvant treatment CT and LAP were obtained prior to laparotomy, for patients undergoing surgical resection, post-treatment staging was obtained at surgery and confirmed pathologically. Surgical pathological T stage was based on the deepest extent of viable tumor. Summarized in Table 4 are pretreatment laparoscopic versus post-treatment surgical pathological stages. Of the 35 operated patients for whom data regarding surgical pathologic staging was available, 10 (29%) had a decrease of at least one level in their T stage and three (9%) with N+ disease had post-treatment N0 disease. There was, however, no change in overall TNM stage, with six patients identified to have M1 disease, preoperatively or during surgery.
operative outcome
All patients entered into this trial had potentially resectable tumors. From our historical database of T 3 -T 4 patients, R0 Post-chemotherapy overall stage information is available for all 38 patients. Post-chemotherapy T and N information was missing for three patients (two who were not explored surgically and one who was operated in another institution and data regarding his post-treatment staging is incomplete). b Relevant to 37 patients; one patient was operated in another institution and data regarding his post-treatment staging is incomplete. resections have been performed in approximately 35%-40%. We recognize that this was in a group of patients who had not had preoperative laparoscopy; recent data seem to suggest higher R0 resection rates in carefully selected patients undergoing such a procedure. Assessment of operative outcome in this study included the R0 resection rate and operative morbidity and mortality. Thirty-six patients (95%) underwent laparotomy (Table 5) . Two patients developed clinically evident metastases during chemotherapy and underwent neither repeat LAP nor laparotomy. Two patients were operated in other institutions and incomplete records of their surgery were available for us. Thirty-two patients (84%) had R0 resections. Compared with patients who underwent identical surgery for gastric cancer at our institution during the same time period, but did not receive preoperative therapy, neither unexpected surgical complications nor increased rate of complications were observed (Table 6 ). There were no operative deaths.
overall and disease-free survival 
pathologic response and survival
Inter-observer concordance regarding pathologic response scoring was very high; 88% of the scores were within a 10% discrepancy (ccc = 0.92) [25] . Of the 34 patients who were operated at our institution and whose specimens were available for examination by our pathologists, five good ( ‡60% response) pathologic responses (14.7%), none of which was complete, were observed. Pathologic response seemed to correlate with patient outcome, with borderline statistical significance; patients with good response had better survival (80% versus 31%, P = 0.053) (Figure 2 ). When the analysis was restricted to R0 patients (n = 30), the difference was not significant (P = 0.08). Two patients were not explored due to M1 disease and two patients were operated in other institutions and data regarding their surgery is incomplete. b Five patients had two complications, five patients had one complication.
The percentage of each complication relates to the number of patients out of the 35 treated patients. who were operated at our institution and whose surgical specimens were available for examination by two independent pathologists at our institution.
original article Annals of Oncology failure pattern Studies in patients undergoing surgery alone have identified the peritoneum and liver as the most common sites for recurrence after an R0 resection. These data played a major role in our decision to include postoperative i.p. therapy in the treatment program. Determined clinically (by routine imaging studies and endoscopy), 20 recurrences were observed among the 32 R0 patients. Seven peritoneal and three hepatic failures have been noted to date. Of these patients, three did not receive any i.p. therapy. Other recurrence sites were locoregional (four patients), distant nodal (two), skin (two), lung (one) and bone (one).
quality of life assessment
The number of quality of life questionnaires completed exhibited a sharp decrease over time, with a compliance rate of 40%-70%. There was an increasing trend in the total score until period 4 (6 months), followed by a slight decrease between periods 4 and 7 (6-15 months) . Understanding that the number of patients at risk was small and noting the compliance drop in later time points, no significant change in quality of life during treatment was suggested.
discussion
The results of the current study indicate that neoadjuvant cisplatin/5-FU followed by postoperative i.p. FUdR/LV is safe and well tolerated by patients with locally advanced gastric cancer. There was no increase in operative morbidity and no operative mortality. Failure pattern data suggests possibly decreased peritoneal and hepatic recurrences. The R0 resection rate, in this high-risk population, is encouraging. With a fairly mature follow-up, the OS and DFS rates in patients with locally advanced gastric cancer are also encouraging. The study also suggests reproducibility and prognostic predictive value of pathologic tumor response assessment in gastric cancer. The present study demonstrated a 29% downstaging rate of T stage. Unpublished data from our institution showed an accuracy of approximately 80% between LAP and pathological T stage (data not shown). Therefore, the magnitude of 'downstaging' observed seems to be within the possible error of LAP proven T staging and should be viewed as such. This pattern of a decrease in T stage and only marginal effect on N stage was also noted in the MAGIC trial. In that trial, the rate of T and N pathological downstaging was 18% and 9%, respectively [26] .
The i.p. component of our program was aimed at reducing the risk of peritoneal and hepatic failures. Following this approach, we observed 22% and 9% of peritoneal or liver recurrences, as the first site of failure, respectively. These rates, and especially the later, are encouraging as they seem to be on the lower range of previously reported figures, including those studies in which failure was determined clinically [6, 27, 28] .
Earlier phase II studies, by our group and others, have explored a variety of neoadjuvant combinations [29] [30] [31] [32] [33] . These all involved chemotherapeutic regimens with modest to moderate activity against gastric cancer. For example, Siewert et al. [31] treated 41 patients using a cisplatin/5-FU/LV regimen.
Tolerance to chemotherapy was acceptable and R0 resection rate was 73%. We had earlier evaluated the use of preoperative FAMTX and postoperative i.p. cisplatin/5FU [32] . The R0 resection rate was 61% but myelosuppression was profound. Altogether, various phase II neoadjuvant trials, using both cisplatin-containing and non-cisplatin-containing regimens, have shown encouragingly high R0 resection rates, in the range of 60%-80%, with acceptable toxicity.
Until recently, only one small randomized neoadjuvant trial has been reported [34] . A total of 107 patients were assigned to preoperative cisplatin/5-FU/etoposide or surgery only. There were no significant differences in R0 resection rates nor in survival between the two groups. Like many randomized adjuvant trials, this study was seriously statistically underpowered and a definitive statement regarding efficacy could not be made. The recently completed MAGIC trial provides a larger study regarding neoadjuvant chemotherapy in gastric cancer. In this study, 503 patients were randomized to three cycles of pre-and three cycles of postoperative epirubicin/ cisplatin/5-FU (ECF) chemotherapy or surgery alone. Neoadjuvant chemotherapy was tolerable and was completed in 88% of patients. Significant downsizing (5.0 versus 3.1 cm median tumor size, P < 0.001), downstaging (54% versus 36% T1-T2 tumors, P = 0.01) and enhanced resectability (79% versus 69%, P = 0.02) were noted. Improved progression-free survival and survival were demonstrated, with an overall 5 yearsurvival of 36% versus 23% undergoing surgery alone [10] .
A recent US Intergroup Trial demonstrated that postoperative chemoradiotherapy improves survival in R0 patients: patients receiving chemoradiation had significantly better 3-year OS (50% versus 41%, P = 0.005) [6] . Toxicity, while tolerable, was substantial; 41% and 32% of patients had grade 3 or 4 toxicity, respectively, including three (1%) treatment-related deaths. This treatment is now considered a standard care option for R0 patients with locally advanced disease [7] [8] [9] .
Over half the patients in Intergroup-116 had less than a D1 dissection. Data from two large randomized trials comparing D1 and D2 nodal dissections, without adjuvant treatment, suggest that outcome following D1 or D2 dissections may resemble that achieved with adjuvant chemoradiation [35, 36] . Whether or not more adequate surgery would yield a similar improvement as in Intergroup-116, it would still apply for only a minority of patients. The primary inclusion criterion in this study was an R0 resection. According to the US National Cancer Database, this is achieved in only 30% of all gastric cancer patients [5] . Understanding the factor of patient selection, the results of earlier neoadjuvant trials and ours are encouraging, as is the 45% 3-year survival we noted.
Further improvements in adjuvant and neoadjuvant therapy will probably require development of more effective chemotherapeutic regimens. During the last decade, several new agents with promising activity against gastric cancer were identified. These include paclitaxel, docetaxel and irinotecan [37, 38] . These agents are now undergoing phase II and III trials, as part of combination regimens. If improved outcome is seen in advanced disease, these agents will undergo extensive testing in the adjuvant setting. Pilot trials are already under way.
Response to neoadjuvant therapy has been shown, in several models (e.g. breast, lung and rectal cancers), to predict Annals of Oncology original article improved patient outcome [21, 39, 40] . Mandard et al. [41] were the first to describe a method for pathologic response assessment in upper gastrointestinal malignancies which successfully predicted outcome. In their study, on esophageal cancer patients receiving preoperative chemoradiation, pathologic response strongly correlated with DFS. A comparable method was recently evaluated in gastric cancer [29] . Using a similar approach, our results suggest that pathologic response is associated with improved outcome in gastric cancer. If confirmed in larger trials, pathologic response would allow rapid evaluation of efficacy for future neoadjuvant studies.
In summary, neoadjuvant cisplatin/5-FU and postoperative i.p. FUdR/LV can be safely delivered to patients undergoing radical gastrectomy and extensive lymph node dissection. The R0 resection rate is high, with no increase in operative morbidity and mortality. The failure pattern is consistent with possibly lower rate of i.p. and hepatic failures. New trials, using the same approach and employing possibly more effective chemotherapy regimens, are underway.
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